Background: Few studies examine the link between measured process of care and outcome.
T here is extensive evaluation of medical care provided to adults in the United States, yet little measurement focuses on older patients, particularly vulnerable older patients. Despite the existence of measures dedicated to vulnerable older persons, 1 most investigations have been performed on small cohorts using medical records because most measuresFand particularly those focused on geriatric conditionsFare not available from administrative data. 2 Quality measured from medical record abstraction has been shown to be related to survival, 3, 4 improvement in healthrelated quality of life, 5 and improvement in specific conditions. 6 Among 3324 community-dwelling elders, better quality of medication prescribing was related to preserved basic self-care function, but not survival. 7 Hospitals that perform better on the 10 processes-of-care, which required to be reported to Centers for Medicare and Medicaid Services Hospital Compare have small but statistically lower riskadjusted mortality rates. 8 However, these findings have not appeared to spur the measurement of care in vulnerable older patients, which is necessary to drive improvement.
Recently, we showed that a portion of the Assessing Care of the Vulnerable Elders (ACOVE) process of care measures could be implemented among older communitydwelling adults who are dually enrolled in Medicare and Medicaid. 9 This methodology, which relies on administrative data, makes it feasible to routinely evaluate quality for a relatively narrow slice of care among large numbers of vulnerable older patients. However, the value of this practical measurement techniqueFwhich includes only measures that happen to be available using administrative dataFwas uncertain, given that the types of measures available may not be those that are most salient for vulnerable older patients. 10 As payers and providers invest time and energy into quality improvement campaigns, it is imperative to understand whether targeted processes result in improved patient outcomes. To evaluate the relationship of quality of care to subsequent function and survival, we took advantage of data collected by In Home Supportive Services (IHSS) for a portion of the community vulnerable elder sample previously evaluated for quality of care using administrative data measures. We hypothesized that greater quality of care would be associated with better outcomes.
METHODS

Study Sample
We assessed the care of individuals aged 75 years and older who were dually enrolled in Medicare and Medicaid and living in the community in 19 California counties between 1998 and 2000. Individuals were included in the study if they were alive during all of 1999, at which time process of care was assessed. Patient outcomes were measured during calendar year 2000.
Linked Medicare eligibility and claims data, Medicaid eligibility and claims data, and IHSS functional assessments were drawn from the data archive maintained by the California Center for Long Term Care Integration. 11 The archive contains Medicaid data for aged, blind, and disabled persons enrolled between 1996 and 2000 in California's Medicaid program in 19 counties representing half of the state's general population. Medicare eligibility and fee-for-service claims were available for the subset of Medicaid enrollees enrolled in Medicare. Approximately 20% of the dually enrolled elders were receiving IHSS, a program that requires annual functional assessments. In the primary analyses, we examined individuals for whom a baseline (1998) functional assessment was reported, who were alive during all of 1999, and who had a functional assessment or died in 2000.
Measurement of Quality
Eligibility and performance for each quality indicator (QI) was determined based on demographic data and diagnostic (International Classification of Diseases-9th Clinical Modification), procedural (International Classification of Diseases-9th Clinical Modification, Current Procedure Terminology), and medication National Drug Codes reported in the Medicaid and Medicare eligibility files and fee-for-service claims. Medical diagnoses were considered as prevalent conditions if they were present for a patient during the 3 years (1996 to 1998) before the quality assessment period (1999) . Medical diagnoses were considered as incident conditions if they were not present during the 3-year look back but did occur during the quality assessment period.
As described previously, we adapted 43 of the 230 explicit process of care QIs from the ACOVE-2 QI set for community-dwelling elders for use with claims. 9 Two QIs were excluded because they were almost uniformly passed (avoidance of prescribing barbiturates or meperidine). The 41 QIs implemented for use with secondary data sources cover 12 condition groups (continuity of care, dementia, depression, diabetes, heart failure, hypertension, heart failure, ischemic heart disease, osteoarthritis, osteoporosis, stroke/atrial-fibrillation, and vision care). Each of the 12 conditions has 1 or more operationalized QIs (Box 1). A patient may trigger more than 1 QI per condition. A number of QIs reflect evidence-based recommendations for the management of new onset conditions. QIs that reflect care for new disease tend to be triggered far less often than chronic management QIs.
Each QI contains an "IF" clause that defines the patient who is eligible to receive the care defined by the QI and a "THEN" clause that describes what care is recommended (for example: "If a vulnerable elder has had a myocardial infarction, then he or she should be offered a beta-blocker"). For patients who had a condition that triggered a QI, a performance score of 1 was assigned to the process measure if the data indicated that the patient received the care recommended, otherwise, a score of 0 was assigned.
For each patient, we define an overall quality score equivalent to the individual's overall QI pass rate (the number of QIs passed divided by the number of QIs eligible), expressed as a number between 0 and 1. In sensitivity analyses, we attempted to account for differences in the QIs triggered by each patient by computing the observed quality score of each individual minus the expected score of a hypothetical patient who triggered that set of QIs. This observed-minus-expected score (OE score) takes into account the relative difficulty of passing a QI through the subtraction of the average performance for that QI. 12 Theoretically, values for the OE score could range from À 1 to 1, where negative scores would imply worse than expected performance and positive scores better than expected performance. Findings using OE scores were substantially the same as found for simple pass rates and the OE scores.
Outcomes
The 2 primary outcome measures of interest were change in functioning and mortality. Patient function was measured using the annual 11-item IHSS functional assessment (Box 2). Six of the items are activities of daily living (ADL; bathing, dressing, transferring, mobility inside, toileting, and feeding), 4 are instrumental activities of daily living (IADL; shopping, food preparation, housekeeping, and laundry), and 1 measures respiratory assistance requirements (respiration) (Appendix Tables 1 and 2 Supplementary Digital Content, http://links.lww.com/MLR/A170). Each of these items is scaled on an ordinal scale from 1 (independent) to 5 (completely dependent), and we rescaled them from 0 to 4. To better understand the relationship of quality of care and function, the 6 ADL items were combined into an unweighted ADL need index (range, 0-24). The 4 IADL items were combined into an unweighted IADL need index (range, 0-16). Mortality was identified from the Medicare enrollment file. If a patient died during the follow-up period, the ADL and IADL indices were assigned to their maximum scores. Thus, functional decline could be calculated as the difference between the follow-up score (measured if alive or assigned the maximum score if the patient died in 2000) and the baseline score (measured in 1998).
To explore the assignment of worst functional status to death, and because some alive states might be considered worse than being dead, we evaluated 2 alternative approaches to defining death in these indices. First, analyses were restricted to the 19,166 patients (including some subsequently dying) with both baseline and follow-up function examinations. Second, instead of assigning followup function for individuals who died to the maximum score, we used a functional assignment used in other analyses that weighs the worst function score by the probability of death (predicted by multivariate logistic regression model):
Follow-up function score among those who die = probability_ death *(maximum À baseline function score) + baseline function score. 13, 14 Because these sensitivity analyses did not significantly affect the relationship between process and functional outcome, they are not included.
Other independent predictors were included in evaluating patient outcomes. Patient case-mix was assessed through demographic measures (sex, age, and race), comorbidity (Charlson Index 15, 16 based on prevalent diagnoses reported during the 3-year look back period), and zip code level proxy measures derived from the US Census (rural residence and percent of individuals with incomes below 200% of the federal poverty level) based on patient residence zip code.
Analysis
We examined univariate statistics for patient case-mix and measures of quality. In bivariate comparisons, we examined the association of the summary quality score with mortality and functional decline. For each outcome, we compared tercile groupings of the summary quality score to the outcome, and calculated a Mantel-Hanzel w 2 for trend as well as a correlation coefficient for each comparison. In unadjusted analyses, we employed Kaplan-Meier survival curves to graphically examine survival at follow-up by tercile of quality. In multivariate logistic regression analyses, we assessed the impact of quality of care on function and mortality, accounting for patient demographic measures, proxy socioeconomic status measures, Charlson Index, number of conditions triggering quality measures, and baseline function (ADL and IADL need index scores).
We performed sensitivity analyses to examine a number of additional issues. We explored the relationship between mortality individual QIs and QI subsets (by condition and type of care). We excluded selected QIs from patients with advanced dementia and poor prognosis using the available data for prevalent diagnosis of dementia and hospice use during the quality assessment period. We identified the primary treating physician at baseline and accounted for provider type, number of visits, and clustering by provider. We explored alternative approaches to scoring function at follow-up by restricting evaluation to live patients and by using the original IHSS functional dependence score, a weighted sum of the 11 items (Appendix Table 3 Supplementary Digital Content, http://links.lww.com/MLR/A170). None of these analyses substantively changed the results; they are not presented in this manuscript. Finally, we explored the impact of quality on mortality in the overall community-dwelling dually enrolled population (including individuals not enrolled in IHSS for whom functional assessments were not available). All analyses were performed using STATA SE Version 10 (College Station, TX). The study design was reviewed and approved by the UCLA Office for the Protection of Research Subjects.
RESULTS
There were a total of 91,597 dually enrolled community-dwelling elders aged 75 years and older in the 19-county sample who were alive during all of 1999. Of these, 25,822 received IHSS, of whom 4512 were missing either a baseline or follow-up assessment. Thus, the analytic sample is 21,310 persons who had a baseline functional assessment at the end of 1998, and either died or had a follow-up functional assessment in 2000.
The overall study sample primarily comprised women with a mean age of 83 years (65% were 80 y or older) ( Table 1 ). Nearly half of the IHSS recipients in the study sample were non-Latino whites (48%), whereas 14% were non-Latino blacks, 13% Latinos, and 19% Asians. Few patients came from rural areas; however, more than one-third came from areas where mean income was below 200% of the federal poverty level. The study population had considerable disease and functional burdens. At baseline, the mean ADL need index was 7.1 and the mean IADL need index was 13.6. Mean Charlson Index was 1.6 (range, 0-16). IHSS recipients were eligible for QIs for a mean of 4.4 ACOVE conditions. Fifteen percent of the study sample died during calendar year 2000.
On average, individuals in the study sample triggered 7.1 QIs (range, 1-22) with a mean process of care pass rate of 46%. Mean pass rates by quality tercile were 23% (range, 0%-36%), 46% (37%-53%), and 69% (54%-100%). Greater quality of care was associated with less functional need at baseline (ADL need index of 7.1 and IADL need index of 13.3 vs. 7.9 and 13.9, respectively, for the highest vs. lowest tercile of quality), but more baseline comorbid illness as measured by the Charlson Index (2.1 vs. 1.3 for highest vs. lowest tercile). Patients in the highest tercile triggered more QIs than in the middle and lowest terciles (8.0, 6.8, and 6.0, respectively). The relationship of mortality with pass rates for individual QIs and conditions are displayed in Appendix Tables 4 and 5 Supplementary Digital Content http://links.lww.com/MLR/A170, respectively.
Higher quality of care was consistently related to better outcomes. In unadjusted comparisons between quality score and patient outcomes, higher quality score terciles were strongly related to greater function at follow-up and lower mortality ( Table 1 ). The Kaplan-Meier Survival Curve demonstrates that greater quality was associated with improved survival during the follow-up year (Fig. 1 ). Mortality at follow-up was 12% in the patients with the highest tercile of quality versus 18% in those in the lowest tercile of quality (P < 0.01).
In the multivariate regression model accounting for baseline function (Table 2) , patient demographics, and proxy SES measures (by patient zip code), higher quality scores predicted better ADL and IADL need index scores at followup. Examining the ADL need index at follow-up, compared with the lowest tercile of quality, the highest tercile of quality [b = À 1.35; 95% confidence interval (CI), À 1.57-À 1.13] and the middle tercile of quality (b = À 0.56; 95% CI, À 0.78-À 0.34) were associated with lower follow-up ADL need index scores ( Table 2) . A difference of 1 in the ADL need index is equivalent to a single level change, for example going from ambulating independently with reminders to needing physical assistance for stairs (see Appendix Table 2 Supplementary Digital Content http://links.lww.com/MLR/A170). Differences were much smaller for the IADL need index at follow-up; compared with patients in the lowest tercile of quality, patients in the highest tercile of quality had an adjusted difference of À 0.12 (95% CI, À 0.18-À 0.07) in the follow-up IADL need index. For both ADLs and IADLs, greater number of conditions, older age, and higher Charlson Index were associated with greater functional needs at follow-up, whereas non-white individuals had lower functional needs at follow-up (Table 2) . Follow-up ADL need increases 0.62 (95% CI, 0.56-0.69) for each additional condition, 0.16 for each year of age (95% CI, 0.15-0.18), and 0.29 (95% CI, 0.24-0.36) for each unit increase in the Charlson Index. Findings from multivariate logistic regression predicting death were consistent with functional status at follow-up; compared with the lowest tercile, the highest tercile of quality [odds ratio (OR) = 0.57; 95% CI, 0.52-0.63)] and the intermediate tercile of quality (OR = 0.84; 95% CI, 0.76-0.92) were associated with lower mortality during the follow-up period ( Table 2 ). Odds of death increased for each additional condition (OR = 1.25; 95% CI, 1.22-1.29), each year of age (OR = 1.07; 95% CI, 1.06-1.07), and for each unit increase in the Charlson Index (OR = 1.12; 95% CI, 1.09-1.14). Thus, relatively modest differences in illness are associated with much greater differences in outcome than can be attributed to differences in measured quality. For example, an increase in the number of conditions by 2 is associated with a level of functional decline and odds of death that are similar in magnitude to the differences in outcome between the highest and lowest terciles of quality.
Consistent with the analyses categorizing quality by tercile, better performance on a continuous measure of quality is significantly related to improved function and survival at follow-up (Table 3 ). After accounting for covariates, higher quality was associated with lower ADL need index (b = À 2.12; 95% CI, À 2.52 to À 1.72) and IADL need index (b = À 0.22; 95% CI, À 0.32 to À 0.13) at follow-up. Using the inter-tercile mean difference in quality (0.46), the expected ADL index difference at follow-up would be 0.98, slightly less than estimated in the categorical model. Similarly, the inter-tercile difference in the mortality model yields an OR of death of 0.65, similar to that derived using the tercile categories. A 10% difference in quality is associated with an OR of death of 0.91 and a decrement in ADL need index of 0.21 at follow-up.
In the sensitivity analysis involving all of the 91,597 individuals in the community-dwelling dually enrolled sample, multivariate regression accounting for patient demographics and proxy SES measures yields results for the relationship between quality and survival that are substantially similar to those for the dually enrolled population receiving IHSS (Table 3 ). Using a continuous measure of quality, the risk-adjusted OR is 0.41 (95% CI, 0.37-0.46). Use of the OE score yields similar results (data not shown).
DISCUSSION
This study shows that a set of 41 QIs adapted from the ACOVE measurement set that can be implemented using routinely collected administrative data yields quality of care measures for vulnerable older persons living in the community that are directly related to the outcomes of these persons over the following year. Although the process-outcome link has been demonstrated previously for the relationship between a broader set of ACOVE medical record-based measures and survival, 3 this expands the set of outcomes to include functional status. Persons who received higher quality of medical care in 1999 sustained smaller declines in function during 2000. Furthermore this study shows that a smaller set of measures that can be collected using administrative data demonstrate the link between quality of care and vulnerable older persons' outcomes. Although the effects are modest, the follow-up period is short and the findings are stable across choices of model predictors and patient subsets.
These findings suggest that quality measurement can be undertaken for large samples of vulnerable older persons. These measures can be used to identify patient groups in need of improved care and conditions that require additional attention. The mechanism of measurement also makes serial measurement feasible to monitor the effect of interventions or the impact on patient care owing to structural healthcare changes. It should be noted that the set of measures implemented here are those that are available using Medicare and Medicaid claims, meaning that many aspects of care particularly relevant to vulnerable older persons (eg, falls, incontinence, screening) cannot be measured. 1, 17 Efforts to enhance collection of the data elements to evaluate these conditions by expanding the penetration of electronic health records (EHRs) are needed. Nevertheless, the existence of ready-to-implement measures to claims data with a relationship to outcomes means that monitoring quality of care for large populations does not need to wait for implementation of EHRs, and can be used now to monitor changes in the structure of care delivery such as the adoption of the medical home. Functional assessment, such as that routinely collected by the IHSS program, highlight the potential for enriching routinely collected data with meaningful additional outcome measures.
Relatively few studies demonstrate a link between process-of-care quality and outcomes, and this is particularly uncommon in the ambulatory setting. In the original ACOVE cohort, it was possible to show that higher quality of care was related to decreased mortality during a 3-year follow-up period after the baseline quality measurement. 3 In that study, the overall quality of care measure reflected a comprehensive assessment of quality, using 160 QIs to assess mortality among 372 vulnerable elders. On average, each individual triggered 21 QIs. Kahn et al 5 examined the impact of 120 quality of care measures on health status among 963 managed care patients. In this latter study, higher quality was associated with improved health status after an instrumental variable approach accounted for unmeasured patient severity. Both studies had advantages that at present are unavailable to the routine measurement of quality in real world circumstances: access to comprehensive medical information, including chart abstraction to measure a large number of QIs. The current study adds to the armamentarium available to measure quality of care among vulnerable elders by demonstrating a relationship between care and outcomes with a relatively limited set of quality measures using routinely collected administrative data. The current exploration demonstrates a rather modest impact of improved quality on function at follow-up, with a stronger relationship to mortality at follow-up. The magnitude of the relationship between quality and function at follow-up may be explained in part by the existing functional impairment of the IHSS population itself, which is a requirement for enrollment. Thus, there is a ceiling effect, especially noticeable in the IADL function change. In addition, it is not unreasonable to expect that medical interventions will have greater impact on survival rather than function. Improvement in the assessment of patient health states (function, health, quality of life) and routinely collected data that can be used to assess quality of care and studying vulnerable, but less functionally impaired elderly populations may yield greater magnitude of qualityoutcome effects. This is a retrospective study using administrative data. Eligibility for QIs and processes of care delivered may be underreported or overreported by the administrative data. Results may not generalize to other regions or to patients not enrolled in both Medicaid and Medicare. The ACOVE QIs used here were designed to reflect care practices during the year 2000. The modest impact of quality on outcome may be due to imperfect measurement of processes of care, limited measurement of quality, short follow-up, healthy survivor effect (participants survived the 1-year assessment period), and significant overall illness of the cohort (reducing betweenpatient differences). Exclusion criteria for selected clinical characteristics (eg, advanced dementia and poor prognosis) could not be determined from these data. To the extent that quality of care measures identifiable from administrative data are limited to tests and medications, many types of care important to older patient outcomes go underevaluated.
CONCLUSIONS
The routine measurement of quality of care in vulnerable populations is an important step toward improving care delivery. We show that measuring quality of care for a vulnerable community-based population using a subset of a comprehensive quality measurement set is feasible and that measurement has a demonstrable relationship with meaningful patient outcomes. This set of measures should be applied in other samples and the measurement set should be expanded as data elements integral to care for older patients become increasingly available in EHRs.
